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Goal: analyze flood risk models in New Orleans

How well does NFHL predict Katrina flood depth? g How well does NFHL predict 311 calls about flooding?
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Figure 1: Predicting catastrophic events Figure 2: Predicting everyday events
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Case study: Hurricane Katrina was a Category 5 storm that hit New Orleans in 2005

Figure 3: Direct hit
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It claimed over 1800 lives and over $100 billion in property damage

Figure 5: French Quarter Figure 6: Lower 9th Ward
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We will examine the geographic distribution of post-Katrina flooding in NOLA

HURRIGANE KATRINA FLOODING: 2003

Levee breaches from Katrina’s monster surge left the city under more t‘lan 10 feet of
floodwater in some neighborhoods. A look at the maximum standing water depths at the

height of the flood, when Lake Pontchartrain leveled off with New Orleans:
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Figure 7: We will use these data, among others
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We will look at whether communities of color were more vulnerable to flooding

Redlining and flood risk
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We'll also evaluate the accuracy of the Federal Emergency Management Agency's
(FEMA) National Flood Hazard Layer (NFHL) model in predicting (a) flood depth
and (b) non-emergency municipal service calls (3-1-1 calls) about flooding

How well does NFHL predict Katrina flood depth? How well does NFHL predict 311 flooding calls?
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Figure 9: Predicting the past Figure 10: Predicting the everyday
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Overview of lab exercise and problem set

1. Lab exercise

a) Hands-on experience analyzing and editing raster data
b) Calculate zonal statistics of flood depth for Census tracts
c) Re-classify and subset flood risk raster data

d) Integrate flood data with data on housing discrimination, race, 311 calls
2. Problem set

a) Create statistical graphics (scatterplots) evaluating performance of flood
hazard model in predicting:
- Katrina flood levels

- per capita 311 calls about street flooding
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You can make these plots in QGIS or in R. Instructions for both are below

How well does NFHL predict Katrina flood depth? g How well does NFHL predict 311 calls about flooding?
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Figure 11: Scatterplot 1 in R Figure 12: Scatterplot 2 in R
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We have five sources of data:

Category Type Format Data source

Hurricane Katrina flood depth  Raster .tif NOAA

2000 Census Tracts Vector (polygon)  .geojson IPUMS NHGIS

HOLC Redlining Maps Vector (polygon)  .geojson Mapping Inequality
National Flood Hazard Layer Raster .tif FEMA

311 Calls Table (geocoded) .csv New Orleans Open Data

These are all in the Lab08PS08.zip file posted on Canvas.

Let's open QGIS. ..
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https://doi.org/10.3886/E122921V1
https://www.nhgis.org/
https://dsl.richmond.edu/panorama/redlining/data
https://www.fema.gov/flood-maps/national-flood-hazard-layer
https://data.nola.gov/City-Administration/311-Calls-Historic-Data-2012-2018-/3iz8-nghx/about_data

QGIS
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QGIS

Always save your progress!
Go to Project — Save As...

*Untitled Projec

ettings
ctrlen ) 52 . 2
New from Template e 78
Open.. ctrlso e
Open From , Y
| opengecent ,
Close
save Ctrlss
SaveTo ,
Properties. Ctrleshiftp
| snapping Options.
Import/Export »
New rint Layout ctrlep
New Report.
Layout Manager.
Layouts 4
Models ,
Exit QGIS Ctri+Q
T 1legend entry removed. Coordinate 6091189 % Scale 1:84388984 |~ | @ Magnifier 100% | Rotation |0.0° 2| v Render @ unknowncRs @

Yuri M. Zhukov GIS-SecSt Lab 0




QGIS Zonal statistics

Zonal statistics
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QGIS Zonal statistics

Let's begin by calculating average flood depth in census tracts.
Load the CensusTracts2000.geojson (vector) from the Data/Census directory

Data Source Manager | Vector D G
= Source Type
* File _ Directory Database () Protocol: HTTP(S), cloud, etc. OGC API

Encoding Automatic M

Source
+ Point
# Cloud Vector Dataset(s)|

=« Delimited

e e e Census/CensusTracts2000.geojsonfall

v Options

Consult GeoJSON driver help page for detailed explanations on options
FLATTEN_NESTED_ATTRIBUTES <Default> v

NESTED_ATTRIBUTE_SEPARATOR

/: SpatiaLite

W FEATURE_SERVER_PAGING <Default> -
'\_ PostgresQl
ARRAY_AS_STRING <Default> -
. MssQL
* Server DATE_AS_STRING <Default> -
iwa Virtual
Features
Q wes
@Help @Add @ Close
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QGIS Zonal statistics

R Raster reclassification

You may receive a “Ballpark Transform Occurred” warning. This sometimes happens
to UTM

when re-projecting from WGS84

View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
R H-&-G-5% @E#3I

Project Edit
DEERRY UL APP R B tLOR
S4N=E "R B

LAY 1% /
9 R

Details (%]

Layers L] o
PR - 2 b

CensusTracts209

Ballpark Transform Occurred

An alternative, ballpark-only transform was used when transforming
coordinates between EPSG:4326 - WGS 84 and EPSG:26915 - NAD83 /
UTM zone 15N. The results may not match those obtained by using
the preferred operation:

Possibly an incorrect choice of operation was made
transformations between these reference systems. Check the
Project Properties and ensure that the selected transform
operations are applicable over the whole extent of the current

project.

Oclose |

‘ D
Coordinate | 902906,3354107 | ¥ Scale|1:561776 |~ | @ Magnifier| 100% =/ Rotation |0.0° <| VI Render @EPsG2691s @

Q Type to locate (Ctrl+K)

b 0
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QGIS Zonal statistics

Load the raster flood_depth.tif from the Data/Katrina directory

Data Source Manager | Raster

“ source Type
) File Protocol: HTTP(S), cloud, etc. OGC API

Source

Raster dataset(s) /fhome/zhukov/ (N - b < sets/Ps0s/Data/ R T |

£
2% Mesh

@ Point
# Cloud
v Options
=« Delimited
#* Text Consult GTiff driver help page for detailed explanations on options

CPRTRT®  NUM_THREADS

e cps GEOTIFF_KEYS_FLAVOR | <Default> °
- GEOREF_SOURCES.

77, spatiaLite =

2 SPARSE_OK <Default> =
'1_ PostgresQ|

. MssQL
* Server

iwa Virtual
3% Layer

Features

Q wcs

©Help ©@add || Oclose
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QGIS Zonal statistics

Note that these layers include both New Orleans and neighboring St. Bernard Parish

*lab08 — QGIS

View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

Project E
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LPHPP W [}

DeBREY Oe s
LAY 1Y

Layers Ig /A\ Used a ballpark transform from EPSG:4326 to EPSG:26915 Details Q

26.791752

o
v/l censusTracts200

K Coordinate | $12270, 3277262 | Scale| 1561776  ~ | @ Magnifier| 100% 2| Rotation [00°

</ VI Render @ EPSG26915 @
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QGIS Zonal statistics

Let's calculate flood stats for each census tract. Open the Processing Toolbox

labos — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh [ZEEERE] Help

0 DRY Open 3 Toolbox CtrlAltT
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= T Vs 2 *: Model Designer... ctrl+AltsG
BV A BB History. CrlsaltH

Results Viewer ctrlsAltR

Layers [EE)
v @ . T & »
||| CensusTracts200
flood_depth
and 1 (Gray)
26791752

Io

Type to locate (Ctrl+K Coordinate | 758877,3342513 |5 Scale| 1158331~ | @ Magnifier| 100% 2| Rotation [00° 2| Vi Render @ epsc2evts @
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QGIS Zonal statistics

In the Toolbox, open Raster analysis submenu — Zonal statistics tool

1abos — QG
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
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Fuzzify raster (power m...

. Fuzzify raster (small me.
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Highest position in rast...
Less than frequency
Lowest position in raste...
Raster boolean AND
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% Raster calculator

= Raster calculator (virtual)

Raster layer properties

Raster layer statistics

Raster layer unique valu...

Raster layer zonal statis...

Raster surface volume

Reclassify by layer

Reclassify by table

Rescale raster
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% Zonal statistics
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QGIS Zonal statistics

On the next screen, set

- Input layer = CensusTracts2000
- Raster layer = flood_depth
- Output column prefix = flood_

Click the [...] box next to Statistics to calculate

labos — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progcessing Help
2 e [ =
D BRK (0 Zonal Statistics g
Vo Z wm R ‘ P 2]
\Q @ "y] EZ L Parameters | Log Zonal statistics
Input layer
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Raster layer
B de 0 I Flood_depth [EPSG:26915] - o frequency "
an ray) L = - raster (gaussian ...
26791752 Raster band

raster (large me...
Band 1 (Gray) = raster (linear me. ..
raster (near me.
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[Fflood_ ] raster (small me.
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Statistics to calculate kt position in rast...
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Output column prefix

Io

-~ t position in raste...
Zonal Statistics
Statistics to calculate boolean AND
Create te erl Python identifier: ‘STATISTICS' boolean OR
V] Open output file after running algorithm calculator

calculator (virtual)
layer properties.
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layer unique valu.
layer zonal stati:
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QGIS Zonal statistics

Select v Mean, v/ Maximum. Click OK

labos — QGIS
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QGIS Zonal statistics

Save the output to file as tracts_2.geojson. Click Run

labos — QGIS
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QGIS Zonal statistics

This will add a new layer, tracts_2, to your project window

*labog — QGIS - o

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
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v/ [ tracts_2
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ood_depth
Band 1 (Gray)
26791752
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Q Type to locate (Ctrl+K) Coordinate | 781355,3322495 | %5 Scale[1:159088 |~ | @ Magnifier| 100% 2| Rotation [00° 2| ViRender @epscaeots @

Yuri M. Zhukov GIS-SecStu / Lab 08




QGIS Zonal statistics

You can adjust the symbology to see how the flood_mean variable is distributed

*labo8 — QGIS
Project Edit View Layer Sef Layer Properties - tracts_2 — Symbology
= Graduated

@ nformation “ value 12 flood_mean -1l

38 source symbol -
Legend format %1 - %2 >recision: € || VI Trim
& symbology
colorramp T
. @@ Labels
(1L CensusTracts200 Classes | Histogram
~ [] ¥ ftood_depth (5 s
T i symbol + Values Legend
P 7(9"2)2 7 3D View v 0.0000-0.1950 0-0.19
- . 0.1950- 1.5946 0.19-1.59
Diagrams 1.5946-3.3117 1.59-331
3.3117-49740 3.31-4.97
. Fields 4.9740-8.9243 4.97-8.92
o
B8] Attributes Form
« { Joins
21 Auiliary storage
8B actions
@ Display
4 Rendering
€ Temporal
Variables Mode | £:EEqual Count (Quantile) ~ Classes | 5 &
‘ll Elevation Classify | & = | Delete All Advanced -
- vILi
B vetacats Link class boundaries
1 Dependencies b Layer Rendering
9 = . _| @Help style - ©apply || @cancel || @ok
[ Type to locate (ctrlsk) Coordinate| 770467,3325586 | % Scale|1:153088 Render @EPSG26915 @
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QGIS Zonal statistics

Some of the worst-affected areas seem to be in the city’s north (Lakeview, Gentilly),
southeast (lower 9th Ward) and wetlands to the east

*labos — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
- -, X:ToNoNcre) ..
0 BRY Q2L HPH e LOOR
ACVANED TR

Layers EE]
1; o, V&3 »
v lo-019
v/l 0.19-1.59
v [l 159-331
v [ 331-497
vI[]497-892
CensusTracts200
~ L] ¥ food_depth
Band 1 (Gray)
26.791752

Type t te (Ctrl+ Coordinate | 793726,3290419 | Scale|1:461500  ~ | @@ Magnifier| 100% 2| Rotation 0.0° 2V Render @EPSG26915 @
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QGIS Zonal statistics

Let's now see if historically “redlined” areas were disproportionately affected. Load
the n01a1939.geojson file from Data/Inequality/

Data Source Manager | Vector D G
= Source Type
* File _ Directory Database () Protocol: HTTP(S), cloud, etc. OGC API

Encoding Automatic M

Source
+ Point
# Cloud Vector Dataset(s) jome/zhukov]

roblemSets/P508/Data

o Delimited
v Options

Consult GeoJSON driver help page for detailed explanations on options
FLATTEN_NESTED_ATTRIBUTES <Default> v

NESTED_ATTRIBUTE_SEPARATOR

/: SpatiaLite

W FEATURE_SERVER_PAGING <Default> -
'\_ PostgresQl
ARRAY_AS_STRING <Default> -
. MssQL
* Server DATE_AS_STRING <Default> -
iwa Virtual
Features
Q wes
@Help @Add @ Close
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QGIS Zonal statistics

QGIS may prompt you to select a transformation method (to reproject this layer
from WGS84 to UTM). Pick the top-listed one and click 0K

Select Transformation for nola1939

Multi i possible for between these two Coordinate Reference Systems. Please select the appropriate conversion operation, given the desired area of use, origins of
your data and any other conatraints which may alter the it for purpose” for particular ransformation operations.

Source CRS EPSG:4326 - WGS 84

Destination CRS EPSG:26915 - NAD83 / UTM zone 15N

Transformation Accuracy (meters)

[l 1overse of naDs3towGs 8 (1) + UTMzone 15N[4 | North America - onshore and offshore: Canada- Albert

2

3

.

5

6

7

8 |Inverse of NADS3 to WGS 84 (42) + UTM zone 15N 2 United States (USA) - Wisconsin., Between 96°W and 90°W, northern hemisphere between equator and 84°N, onshore and offshore..

Inverse of NAD83 to WGS 84 (1) + UTM zone 15N

« Scope: Military survey.
Remarks: Derived at 354 stations. Accuracy 2m in each axis.
* Scope: Engineering survey, topographic mapping. Eony «
Area of use: North America - onshore and offshore: Canada - Albert; British Columbia; Manitoba; New Brunswick; Newfoundland and Labrador; Northwest Territories; Nova
Scotia; Nunavut; Ontario; Prince Edward Island; Quebec; Saskatchewan; Yukon. United States (USA) - Alabama; Alaska (malnlandb,Ar\zona Arkansas; Callfomla, Colorad
Connecticut; Delaware; Florida; Georgia; Idaho llinois; Indiana; lowa; Kansas; Kentucky; Louisiana; Maine; Marytand, ; Michigan; Mi
Missouri; Montana; Nebraska; Nevada; New Hampshire; New Jersey; New Mexico; New York; North Carolina; North Dakota; Ohio; oktahoma Oregon; Pennsylvania; Rhode
1sland; South Carolina; South Dakota; Tennessee; Texas; Utah; Vermont; Virginia; Washington; West Virginia; Wisconsin; Wyoming., Between 96°W and 90°W, northern
hemisphere between equator and 84°N, onshore and offshore.

Identifiers: INVERSE(EPSG):1188, EPSG:16015
+proj=pipeline +step +proj=unitconvert +xy_in=deg +xy_out=rad +step +proj=utm +zone=15 +ellps=GRS80 !

&

Show superseded transforms v/ Allow Fallback transforms if preferred operation Fails | | Make default

@Help Qcancel || @0




QGIS al sta s

If all goes well, the no1a1939 layer should appear on the map

*lab08 — QGIS - o x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
heEmREE Qe DK sd LUOR H-&-
BV, 2w BW , = @ oy @

Layers @®

v/l o19-159
VIl 159-331
v 331-497
vi[]as7-892

CensusTracts 200
» [ flood_depth

Type t te (Ctrl+ 1 legend entryr Coordinate| 906551, 3280407 |9 Scale|1:461500 |~ | (@ Magnifier| 100% | Rotation [00° 2|/ Render @ ePsG2691s @
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QGIS Zonal statistics

Let's color these polygons by grade (Categorized). Grade D represents the redlined
areas that the HOLC considered too “hazardous” for home loans

Layer Properties - nola1939 — Symbology

= categorized
@ information A < grade ~](e
33 source symbol |1 1|~
Color ramp | I R4
& symbology
symbol - Value Legend
o | A A
vl B B
v [ c c
vl D D
. oth,
-
" Diagrams
i ress
B8 Attributes Form
« 1 Joins
£ Ausiliary storage
Q© Actions
® oisplay
& Rendering
€ temporal
Variables
ol Elevation
Bl metadata Classify || % ||=|| Delete All Advanced -
T Epmes P Layer Rendering
. | @Help || style - ©apply || Ocancel |[ @ok |
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QGIS Zonal statistics

These grades made it difficult or impossible for people to access mortgage financing
and become homeowners. The brunt of redlining fell on neighborhoods of color.

*lab08 — QGIS ® ¢

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
DEBRRH UPLPLHAPP M R LUOR M-8-%-5%- QEKZE -=-
LL YA 1

Layers B®
¢ @l ® V&l »
v A
vde
viec
vllo
[ ]
tracts_2
v/lo-0.19
v lo19-159
v/l 1.59-331
vI[331-497 o
vI[]a97-892

v CensusTracts200
» [ W flood_depth Q

Type t te (Ctrl+K 1 legend entryr Coordinate| 767626, 3323602 |9 Scale| 1:94741 ~ | @ Magnifier| 100% < Rotation [0.0° <V Render @EPSG26915 @
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QGIS Zonal statistics

Let's separate out the areas with a grade of D. Go to Edit menu — Select —
Select Features by Expression...

ster Database

lugins  Vect,

T E-m-

sd

L

Layers

Paste Features As »

| Select Feature(s)
¥ Select Features by Polygon

Add Annotation »| 7% select Features by Freehand
i Select Features by Radius
. Select Features by Value. F3
a Select Features by Expressi ctrl+F3
Deselect Features From All Layers ctri+Alt+A
TS ., Deselect Features from the Current Active Layer Ctrl+Shift+A

Reselect Features.

V||| CensusTracts200 Select All Features
> LI flood_depth Q Invert Feature Selection
- -

Ay - l
A R
b5 ¥

s

1legend entryr Coordinate | 772388,3326059 | % Scale | 1:94741 ~ | @ Magnifier| 100% 2| Rotation |0.0°

2| VIRender @Epsc2ents @
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QGIS Zonal statistics

On the next screen, set Expression to grade = 'D'
Click Select Features and close this window

Project Edit View Layer gettings Plugins Vector Raster Database Web Mesh Progessing Help

DEBRRK [0 Je Lr B8 & =
\Q @ \/"” / w EZ Lw 4 D ‘b ‘ :n“ <abe] » I:|
N
Layers [ain) 49 matching Features selected &

Date and Time

Fields and Values

Files and Paths

Fuzzy Matching c

Feature ~ >

vilA
vds
vilc
vl o
Expression | Function Editor
- tracts_2 T
vllo-019 = Sl =
v/l 0.19-159 Feature -
1.59-3.31 geometry
VI 331-497 R ':g regates
vI[]497-892 » Arrgaysg
v/ || CensusTracts20Q » color
» 1 % flood_depth @ » (Conditionals
@ » Conversions
= » DataPlotly
BEERREnnne »
,
»
»

Preview: 0

Orelp Zoom to Features | | & Select Features |~ Close
T S =7 >
=
Type b te (Ctrl+ 49 features sele Coordinate| 788481,3313776 | Scale 1:94741 ~ | @ Magnifier| 100% 2| Rotation 0.0°
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QGIS Zonal statistics

Let's export the selected features to a new file. Right-click on no1a1939 in the layer
menu, then Export — Save Selected Features As...

*labog — QGIS 8 @

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
IEEREY O*258PP0F R ,
BV A RBRD . B =6 gaE @

o N-&-G- -

Layers EE]

i | Zoom to Layer(s)
I [ ¥ zoom to Selection
v/ [] =2 show in gverview
v/l | show Feature Count
# Show Labels
vIll copyLayer
v/l Rename Layer
: [ £ pupliate Layer
v [] 2 Remove Layer...
V] = C€  Move to Bottom
M open Attribute Table
Toggle Editing
Filter...
change Data Source...
set Layer Scale Visibility...
Layer CRS

Styles
Add Layer Notes.... Save as Layer Definition File.

Properties... save as QGIS Layer Style File... @
~ p &
—0

2| VIRender @Epsc2ents @

Typet te (Ctrl+ Toggles the edit Coordinate | 767601,3323928 |9 Scale | 1:94741 ~ | @ Magnifier| 100% | Rotation |0.0°
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Zonal statistics

fication

On the next screen set

- Format = GeoJSON

- File name = redlined.geojson
- v Save only selected features
- Geometry type = Polygon

Click 0K

*labos — QGIS - =]
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
EERRY O s o020 L [0 (D o fU. g

Save Vector Layer as...

CE¥IE-=-

BQV.AwER J 2
Format | GeoJSON - B @
| rilename [N/ j/Output/redlined.geojson =
Layer name
RS EPSG:4326 - WGS 84 -
Encoding
v Save only selected features
« 168 tracts. 2 b Select fields to export and their export options J/
vilo-019 V! Persist layer metadata
v/l 0.19-1.59 o . N
v/l 1.59-331 N/ (A
v [ 3.31-497 Geometry type Polygon ~
vI[]497-892
VI [_] CensusTracts200 Force multi-type
* O ¥ Rood_depth Include z-dimension
v V! Extent (current: layer)
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QGIS Zonal statistics

The redlined layer should appear in your project window.
Let's calculate the proportion of each census block that was redlined in 1930s

*labog — QGIS 5 0 @

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
=] P @ A )} T # I She ju—
DeBEGRY OS2 HRP[L pad) LPOR M-8 -5 E¥IE -m-
BV A @B Y. =g g > @ AL 2]
) L
V" Layer Exported: Successfully saved vector layer to /I /R - ob | e mSets/PS08/Output /redlined.qeojson [x)

Layers
¢ 3% Y &~
¥/ nola1939

vila
vids
vi[]c
vl
[ ]

tracts_2
vilo-o19

v/l 0.19-159

VIl 1.59-331 (]
vI[331-497

v [ ]a97-892

v/ ] CensusTracts200 Q
» O] ¥ flood_depth

Toggles the edit Coordinate| 767651,3322324 |9 Scale 1:94741 ~ | @ Magnifier| 100% 2| Rotation 0.0° 2V Render @EPSG26915 @
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onal statistics

Go to Processing Toolbox, then Vector analysis — Overlap analysis

*labog — QG

View Layer settings Plugins Vector Raster Database Web Mesh Progessing Help

Project Edi
LEARRE QL RPP R .
LAY T

V7 Layer Exported: Successfully saved vector layer to ]
Denblnmente In€no Inubant londlingd aanican Ol L N
= -
Q Database =
Q File tools
] Q@ GPs

v lo19-150

Tl o p
VI 331-497 Al

@ Interpolation

@ Layer tools

@ Mesh

Network analysis
Plots

@ Raster analysis

@ Raster creation

@ Raster terrain analysis
@ Raster tools

@ Vector analysis

vI[]497-892 0
v CensusTracts200
» tood_depth
/ é) Basic statistics for fields
7 climb along line
) 7/ D 3 Count points in polygon
\ D DBSCAN clustering
P D o) A Distance matrix
[m s> Distance to nearest hub...
ﬂ@ H Distance to nearest hub...
' Ll

{2

Join by lines (hub lines)
K-means clustering
. List unique values

ﬁ @ 23 Mean coordinate(s)
% Nearest neighbour ana

Overlap analysi

Shortest line between ...
1] ST-DBSCAN clustering

Statistics by categories -

Type t te (Ctrl+! Coordinate | 791665,3318865 | Scale 1:94741 ~ | @ Magnifier| 100% 2| Rotation 0.0° 2V Render @EPSG:26915 @
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QGIS Zonal statistics

In the Overlap Analysis window, set

- Input layer = tracts_2
- Overlap (save to file) = tracts_3.geojson

Click on the [...] button next to Overlay layers

*labos — QGIS - o

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

Transn 0 s - A

rom an input layer are
ped by features from a
selection of overlay

LA RV 1% L Parameters | Log ! overlap analysis B
Input layer This algorithm calculates the area
- . Tl ntage cover by which B®
Layers V" Layer Exported: sucq || Eracts 2 [EPSG:26915] © X [ llbox L]

Overlay layers

tes are added to the £
output layer reporting the total
tage of
ed by

v/ lo-019 v Advanced Parameters

tion
Grid size [optional] rlay layers. | |
vI[331-497 Not set <
v/ [Ja97-892 analysis
v/[_] censusTracts200 overlap
» O] # flood_depth - !
~dep /N P roblemsets/PS08/Output/tracts_3.geojson ;ﬁ‘;
! Open output file after running algorithm rrain analysis
ols
alysis
tatistics for fields
along line

points in polygon
BN clustering

ce matrix

ce to nearest hub...
ce to nearest hub...
ly lines (hub lines)
ns clustering
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Zonal statistics

QGIS

Select v redlined. Click OK

*labo8 — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

DB NEY XY

overlap Analysis

Parameters | Log

4| overlay layers

Layers & V" Layer Exported: sucq || ¥ redlined [EPSG:4326] QoK
. T CensusTracts2000 [EPSG:26915]
nola1939 [EPSG:4326] select All

tracts_2 [EPSG:26915] -
Clear Selection

3 nola1939
- tracts_2
v/llo-019 Toggle Selection
v lo19-150 Add File(s)....

1.59-3.31
VI 331-497
vI[]497-892
v CensusTracts200
» [ ¥ flood_depth

Add Directory...

Overlap analysis

This algorithm calculates the area
and percentage cover by which
Features From an input layer are
overlapped by features from a
selection of overlay layers.

butes are added to the
output layer reporting the tota

area of overlap and percent: teoe of
the input feature over!
each of the selected U'erlav \a\ ers

Ne

flbox

tion
ls

analysis

alysis
leation

rrain analysis
ols

alysis
tatistics for fields
along line

points in polygon
AN clustering

ce matrix

ce to nearest hub.
ce to nearest hub.
ly lines (hub lines)
ns clustering
ique values
coordinate(s)
st neighbour an:

pst line between f.

0% ISCAN clustering
] 2 @Help || Advanced ~|| Runas Batch Process... Qclose |[ @Run | ficsbycategories |-
Type e (Ctrl+ Sepscaeots @
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QGIS Zonal statistics

Click Run. This will add a new layer, tracts_3, to your project

*labo8 — QGIS - [=]
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
I3

0 (RTINS overlap Analysis x =R
Vo A4 W 74 a :
BV A wPY !, parameters | Log overlap analysis B
Input layer This algorithm calculates the area

nd percentage cover by which llbox
atures from an input layer are
overlapped by features from a
selection of overlay layers.

Layers tracts_2 [EPSG:26915] -

'V Layer Exported: Succ|

Overlay layers

Ne

es are added to the

- tracts_2  reporting
v/llo-o019 v Advanced Parameters
v/llo1s-159 ; ) ed by tion
Grid size [optional] erlay layers. |
vi[]331-497 Not set E
vI[]497-892 analysis
v/ || CensusTracts20Q Overlap
» [ ¥ flood_depth
ood.dep I 7 oblemsets/PS08/Output/tracts_3.geojson N :;ﬁ‘;
v Open output file after running algorithm rrain analysis
ols
alysis
tatistics for fields
along line

points in polygon
AN clustering

ce matrix

ce to nearest hub.
ce to nearest hub.
ly lines (hub lines)
ns clustering
ique values
coordinate(s)
st neighbour an:

pst line between f.
0% ISCAN clustering

] 2 @Help || Advanced ~|| Runas Batch Process... Qclose |[ @Run | ficsbycategories |-
Type to locate (Ctrl+ Sepscets @
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QGIS Zonal statistics

You can adjust the symbology to see how the redlined_pc variable (percent of
tract with grade D) is distributed

*labos — QGIS.

Project Edit View Layer se Layer Properties - tracts_3 — Ssymbology

= Graduated

@ information “ value 1.2 redlined_pc “1le

Symbol [ =

33 source

Legend format (%1 - %2 >redision:

& symbology

¢ B®TVE-B >

tracts 3

Color ramp
€ Labels

Classes

[ [ redlined s Histogram
* O nolassss symbol =~ Values Legend
W7 30 View vl 0.0000-0.0000  0-0

v 0.0000-0.6357  0-0.64

vd 0.6357-25.1227  0.64-25.12
vl 25.1227-65.1580 25.12-65.16
vl 65.1580 - 100.0000 65.16- 100

Diagrams

B Fieuss

[ censusTracts20q Attributes Form
W flood_depth

Joins
£ Auiliary storage
O® Actions
@ Display
4 Rendering

€ temporal

Variables Mode |2 Equal Count (Quantile) ~

Classes | 5 P

oW Etevation [ classify || #|[=|Delete all Advanced -
- v Li

B metadata Link class boundaries

M Dependencies b Layer Rendering

. . _ | @Help style - @aApply | @cancel

Q Type to locate (Ctri+k) te




QGIS

Zonal statistics

Let's make a quick scatterplot to see if redlined areas saw more flooding. Go to
Processing Toolbox — Plots — Vector layer scatterplot

labos — Qals
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
= % ® 0 PDD
DEBRR U@ pp P Lo © b @

LAY 1%

Layers

CensusTracts2000
» [ ¥ flood_depth

RN

@ Magnifier| 100%

Coordinate| 790266,3314544 |9 Scale 190843 |~
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Processing Toolbox
" o

 Z B
R 2B 9 >

Recently used =
Q 3DTiles
@ Cartography
@ Database
@ File tools
@ aps
@ Interpolation
Q Layertools
@ Mesh
Q@ Network analysis

~ @ Plots

Bar plot

Box plot

Mean and standard deviation plot
Polar plot

Raster layer histogram

Vector layer histogram

i Vector layer scatterplot
£3D

@ Vector analysis
Q@ Vector coverage
Q@ Vector creation
@ Vector general
Q Vector geometry

2| Rotation [00° 2| VI Render @ EPSG26915
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QGIS Zonal statistics

In the next window, set Input layer = tracts_3; X attribute =
redlined_pc; Y attribute = flood_mean; Save scatterplot as
scatter_redlined_flood.html and open in browser

Plots - Vector Layer Scatterplot

Parameters | Log ‘| Vector layer
Input layer scatterplot

tracts_3 [EPSG:26915] -

[ Processing Toolbox G
# e N

3 Interpolation
2 Layer tools

his algorithm
scatter plot for

Xattribute

1.2 redlined_pc -
2 Network analysis
plots
Bar plot
Boxplot
Mean and standard deviation plot
Polar plot
Raster layer histogram
Vector layer histogram
 Vector layer scatterplot
Vector layer scatterplot 30
@ Raster analysis
@ Raster creation
Q Raster terrain analysis
Q Raster tools
Q@ Vector analysis
@ Vector coverage
@ Vector creation

¥ attribute

PY-Y-Y-Y

+2flood_mean -

Scatterplot

_Labs/Labo8PS08/Output/scatter_redlined_flood.html

0%

@Help Advanced - Run as Batch Process. Oclose || Qrun |

) Vector general
2 Vector geometry
2 Vector overlay
2 Vector selection
2 Vector table
) Vector tiles

- & GDAL

DN T crass

e e (Ctrl+ Coordinate| 781733,3313534 | ¥ Scale 150843 |~ | (@ Magnifier| 100% 2| Rotation [0.0° 2| ViRender @EpsG2691s @R
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QGIS Zonal statistics

There doesn’t seem to be much of a relationship here. Census tracts with more
redlined areas did not experience more flooding than less-redlined areas

/home/zhukov/Documents/< +
« > C [  Labs/Labo8PS08/Output/scatter_redlined flood.html ¥  Q search
B @ m|
Download plot as a png
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What if we compared tracts with any redlining to those with no redlining? Open the
Field Calculator for tracts_3 and set name: redlined_any, type: Integer,

Expression: redlined_pc > 0, Click OK

<

v [l 65.16 - 100
[ redlined

2 nolai939

@ tracts_2
viIlo-0.19

v 0.19-1.59
1.59-3.31
vl [l 3.31-4.97
vI[]497-892
|| censusTracts2|
¥ flood_depth

v Create anew field

Create virtual field

output field name ||

J
123 Integer (32 bit)
Output field length | 10

output field type
| Precision
Expression | Function Editor
3

redlined_pc > ¢

tracts_3 — Field Calculator

Update existing field

feature £
geometry
id

row_number
Aggregates
Arrays

Color
Conditionals.
Conversions
DataPlotly

Date and Time
Fields and Values.
Files and Paths

LY

¥

K1
oB0d

(I
0

=L A A LD Fuzzy Matching

Feature | Census Tract 1 v E:g;’:i,y

Preview: 1 EREVEE =

@Help Qcancel | @ok
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QGIS Zonal statistics

Back in the Geoprocessing Toolbox, select Plots — Box Plot; Input layer
= tracts_3; Category name field = redlined_any; value field =
flood_mean. Save as boxplot_redlined_flood.html and open in browser

Plots - Box Plot

e
Parameters | Log L) 0 2
U | nput layer [ Processing Toolbox G
tracts_3 [EPSG:26915] - me N

2 Interpolation

Category name field 2 Layer tools

12 redlined_any
2 Network analysis

PY-Y-Y-Y

Value field
2 Plots
1.2 flood_mean - Bar plot
[ | Additional statistic Lines ¢ Box plot
Mean and standard deviation plot
Show teen - Polar plot
Box plot Raster layer histogram

Vector layer histogram
Vector layer scatterplot
Vector layer scatterplot 30

@ Raster analysis

@ Raster creation

Q Raster terrain analysis

Q Raster tools

@ Vector analysis

@ Vector coverage

@ Vector creation

@ Vector general

Q Vector geometry

@ Vector overlay

@ Vector selection

@ Vector table

Q Vectortiles

||» @ cpaL

DN T crass .

| Labs/LabosPs08/Output/boxplot_redlined_flood.html

0%

@Help Advanced - Run as Batch Process. Oclose || Qrun |

Coordinate | 785483,3323701 |95 Scale 190843 |~ | @ Magnifier| 100% 2| Rotation [00° 2| Vi Render @epsc2es1s @
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QGIS Zonal statistics

The boxplot suggests that, if anything, redlined areas saw less flooding, on average

/home/zhukov/Documents/ X +

= = d [ Labs/Lab08PS08/Output/boxplot_redlined_flood.html vy~ Q Search

_— (1, max: B.924258)

1 gl: 0.97029

0 — —L (1, min: 0.003165483)
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QGIS Zonal statistics

R R

Let's look at redlining's relationship with neighborhood demographics. Go to Field
Calculator for tracts_3 and create a new variable, with name: PCT_BLACK, type:
Decimal number, Expression: RACE_BLACK / POP_TOTAL * 100. Click OK

labog — Q
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
V(D & LU

ield Calculator

v i |
: | Create a new field Update existing field o
Create virtual field
output field name | | «-=0

Feature | Census Tract 1 v >

vi[Jo-o0 Output field type | 1.2 Decimal number (real) ~ ~
v/[Jo-064
v/ 064-25.12| Outputfieldlength (10 2| Precision [3 &
VB25A2050 | oo | Function Edit °
v/ Ml 6516 -100 p unction Editor
[ redlined = KA
, E
o feature o
geometry °
id
row_number E
» Aggregates d
vl [l 3.31-4.97 » Arrays .
vi[]497-892 » Color >
v/[] censusTracts2| » Conditionals L o
» [ W flood_depth T = » Conversions
e =+ Il » DataPlotly 4
» Dateand Time 3
,
’

Fields and Values
Files and Paths pe ]

: e i)

You are editing information on this layer but the layer is currently not in edit mode. IF you click OK, edit mode will
automatically be turned on.

Preview: 25.241495170096602

@Help Qcancel ||
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QGIS Zonal statistics

Let's make a scatterplot with redlined_pc on the X axis and PCT_BLACK on

axis.

il

abos — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

0 B B [ [ &

Plots - Vector Layer Scatterplot

Parameters | Log * Vector layer ) N
Input layer scatterplot —

tracts_3 [EPSG:26915] - X L algorithm creates a simple X - e

ter plot for a vector layer. /\\/ -
Xattribute T a
1.2 redlined_pc - v Q
Y attribute te
1.2PCT_BLACK - -
Scatterplot
abs/Lab08PS08/Output/scatter_redlined_pctblack.html .
0%

@Help || Advanced -|| RunasBatch Process.. Oclose

+ Coordinate| 774330,3313174 | Scale 150843 ~ | @ Magnifier | 100%
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QGIS Zonal statistics

While there is a lot of variation among non-redlined neighborhoods, those closer to
100% redlining still have an overwhelmingly Black population
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Raster reclassification

Raster reclassification
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QGIS
Raster reclassification

Sometimes, we need to do some pre-processing to prepare raster data for analysis.
Suppose we want to know the proportion of a census tract classified by FEMA as
“high flood risk”. Load the raster NFHL_NOLA.tif from the folder Data/FEMA/

Data Source Manager | Raster

“ Source Type

© File ) Protocol: HTTP(S), cloud, etc. ) OGC API

= Source
A% Mesh -

ooint Raster dataset(s) |/home/zhukov/ NN - rob < mSets/Ps08/Data /YNNI < |
©®: Poinl s .-

# Cloud
v Options
©  Delimited
Consult GTiff driver help page for detailed ions on options

NUM_THREADS
GEOTIFF_KEYS_FLAVOR | <Default>
2 contiati GEOREF_SOURCES
7, spatiaLite =
© SPARSE_OK <Default>
T, Postgresal

. MssQL
# Server

Features
a wes

xvz

*

_ | @Help QAdd Dclose
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QGIS
Raster reclassification

The raster appears to have four unique classes, titled FLD_ZONE. They are on a
greyscale ramp by default

*lab08 — QGIS ® ¢

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessin:
DRy Oer2rrplpPPPAa
RV ZREBER 4

Layers EE)

& »

vI[]o-0.64

vI[]o0.64-25.12
v/ [l 25.12-65.16
v/l 65.16- 100

[ redlined
» nola1939
» tracts_2

CensusTracts 200
» [ 1 flood_depth

Coordinate | 789253,3315922 | Scale |1:248330 |~ | @ Magnifier 100% | Rotation |00° 2|Vl Render @ EPSG26915 @
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QGIS
Raster reclassification

FEMA uses several designations of flood risk, which are used by flood insurance
providers and home lenders

Wave height > 3 ft " 3ft> Wave height > 1.5t Wave height <15 ft BFE< 11t
Properly elevated (post-FIRM) building in CHHA

BFE including .
waveeffects\ —

1-percent-annual-
chance SWEL

<— Best practice - Elevated
building in Coastal A Zone

S

sy il

Normal water level W w  Limit of

f‘ﬂ>

o il
Improperly elevated (pre-FIRM) building #* SFHA &
b e W 2
Shoreline Beach Vegetated -
face region

BFE = Base Flood Elevation LiIMWA = Limit of Moderate Wave Action
CHHA = Coastal High Hazard Area SWEL = Stillwater Flood Elevation

Figure 13: NFHL codes
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Raster reclassification

QGIS reads these codes as integers, which correspond to. ..

Layer Properties - NFHL_NOLA — Symbology x
v Band Rendering E
@ mformation Rendertype | Paletted/Unique values ~
3 source Band Band 1: FLD_ZONE (Gray) - FLD_ZONE -
symbology Color ramp Random colors N
Value Color _ Label
Transparency m
0 o
Histogram
N 1
Rendering
2 2
Temporal
.
Pyramids
Elevation
| Metadata
Legend —
Classify ®|| = Delete All s
Display —
At v Layer Rendering
Tables
Blending mode | Normal - Reset
QGis server - -
= Brightness o 2| contrast  em— o e
Gamma - 1.00 2| saturation s—— [ 2
Invert colors Grayscale | Off -
Hue Colorize Strength
v Resampling
OHelp Style - QApply || Dcancel Qok




Raster reclassification

0 — "AE" (high flood risk), 1 — “"OPEN WATER",
2 — “VE" (coastal high hazard area), 3 — “X" (moderate-to-low risk)

Layer Properties - NFHL_NOLA — Symbology x
v Band Rendering 3
@ mformation Rendertype | Paletted/Unique values ~
38 source Band Band 1: FLD_ZONE (Gray) - FLD_ZONE -
& symbology Color ramp Random colors N
Value Color _ Label
188 Transparency
- la]
BB Histogram
1 . OPEN WATER
& Rendering
2 VE
& Temporal
I
@& Pyramids
o Elevation
B vetadata
Legend
Classify &|[= Delete All )
O oisplay
Attribute v Layer Rendering
Tables.
Blending mode | Normal - Reset
=% Qais server o -
= Brightness e o ][ Contrast  s— o B
Gamma - 1.00 2| saturation [ D
Invert colors Grayscale | Off -
Hue Colorize Strength -
v Resampling
@Help || style - Qapply || Dcancel || @ok
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QGIS

Raster reclassification

What we want to know is how much of a census tract is covered by "“high flood risk”
zones (AE, or 0). Let's extract just this part of the raster

*lab08 — QGIS ® ¢

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

DEERRE UPLPLHPPRPRALAEBaLOOR -5 QEHI[ =
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Q Type to locate (Ctrl+K) Coordinate| 774995, 3333596 |9 Scale| 1248330 |~ | @ Magnifier| 100% 2| Rotation |00° <+ V/Render @EPSG26915 @
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Raster reclassification

Go back to the Processing Toolbox — Raster analysis — Raster
calculator

labos

Project Edit View Layer gettings Plugins Vector Raster Database Web Mesh Progessing Help

=l N = oNio) [e) (M) £ i
0 QY e RPPRPREBa LIOR T g
RGVZARWER 4
Layers a8 Processing Toolbox @®
v a4 w T " o» ®a0a N
A search
Band 1: FLD_ZONE (C S @ File tools <
» QGPS
I oPEN WATER » @ Interpolation
VE » @ Layertools
. . ’: s » @ Mesh
; D""; 5(-) » @ Network analysis
- » @ Plots
vI[Jo-o064 - @ Raster analysis
v D 0.64-25.12 1 Cell stack percent rank from value
25.12-65.16 i cell stack percentile
v . 65.16-100 13 Cell stack percentrank from raster layer
[ redlined #3 Cell statistics
» nola1939 # Equal to frequency
» tracts_2 W\ Fuzzify raster (gaussian membership)
CensusTracts200 £ Fuzzify raster (large membership)

» [ ftood_depth I/ Fuzzify raster (linear membership)
. Fuzzify raster (near membership)
| Fuzzify raster (power membership)
J\ Fuzzify raster (small membership)
Greater than frequency

Highest position in raster stack
Less than frequency

Lowest position in raster stack
Raster boolean AND

Raster boolean OR

*: Raster calcul

Raster layer | Raster calculator
Raster layer § algorithm ID: ‘native:rastercalc | '~
Coordinate | 845896,3290561 | Scale|1:393099 | ~ | (@ Magnifier| 100% 2| Rotation |0.0° v/ Render & EPS @
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Raster reclassification

In the Raster Calculator window, click on the [...] box next to Input layers

labog — QGIS - o
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
= i @ © F —
0 B Qe el Raster Calculator A -
QoA WBWR 4 .
ae AREE 4 Parameters | Log Raster calculator B
Input layers ic operations
Layers a®
© Expression
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AE Output extent [optional]
OPEN WATER Not set &
VE N N N
M output cell size (leave empty to set automatically) [optional]
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vi[Jo-o Output CRS [optional]
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vI[ 0.64-25.12 - m value
vI [l 25.12-65.16 Calculated
v [l 65.16 - 100 o = Im raster layer
M redlined -
» nola1939 v Open output file after running algorithm
’ lembership)
bership)
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Istack
tack
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< D @Help Advanced -| Runas Batch Process... =3
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Raster reclassification

Select v/ NFHL_NOLA. Click 0K

labog — QGIS - o
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
i @ © F —
rannx ve s o T R -
V. mEB R .
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Raster reclassification

Click on the € button next to Expression
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Raster reclassification

For the Expression, enter "NFHL_NOLA@1" = O (syntax is
"layer_name@band_number"; make sure to include the quotation marks). Click 0K
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Raster reclassification

Leave the Output extent, cell size and CRS fields blank (accept defaults). For
Calculated, save to file as nfhl_highrisk.tif. Click Run
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Raster reclassification

This creates a binary (1/0) raster indicating whether or not pixel is in high-risk zone
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Raster reclassification

Go back to Zonal statistics in the Processing Toolbox
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Raster reclassification

Select tracts_3 as the Input layer, nfhl_highrisk as the Raster layer, set
the column prefix to highrisk_. CLick on the [...] button next to Statistics

to calculate
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Raster reclassification

Select v Mean. Click OK

*labog — QGIS.

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
= nE @ © % —
0 B Qe el Zonal statistics o -
QoA WBWR 4 . on [ 2]
@ Qf / EZ — e Parameters | Log Zonal statistics
4| statistics to calculate This algorithm calculates
Layers ® Count ©ok of EE]
« @ ® T 3 » Sum =
S V| Mean Select All
~ v & nfhl_highrisk Median
Band 1 (Gray) St dev Clear Selection bership) =
1 Mini N
o Toggle Selection bership)
Range ership)
Minority pbership)
Majority pership)
Variety
Variance Istack
Band 1: FLD_ZONE (¢
£ tack
OPEN WATER
X
- tracts_3
vi[Jo-0
vi[]o-0.64
v [Joea-2512 report
v/l 25.12-65.16 s
65.16- 100
[ redlined
» nola1939
» tracts_2
CensusTracts200
, (_depth
7
0%
< D @Help Advanced -| Runas Batch Process... =3
Type to locate (Ctrl+ Sepscaeots @

Yuri M. Zhukov




Raster reclassification

Save the output to a file named tracts_4.geojson. Click Run
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Raster reclassification

This may take a few minutes. Be strong. Don’t give up

*labo8 — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

DEBRR Y (O 4
a@QV.ZiwEBER 4

Zonal statistics

* Zonal statistics

Tr s algorithm calcula
er

Layers EE]

« @ T 4 »

m ovel

~ v & nfhl_highrisk
Band 1 (Gray)
1

Algorithm started at: 2024.03.07T15:3

Algorithm 'Zonal statistics' starting...
Input parameters:
{COLUMNP ek i —— A
home/zht
ProblemSets/PS(}H/Output/tracts 3.geojson’
hukuv/Dmpbox/HKS/
_/ProblemSets/PS@B/Output/
OPEN WATER nfhl highrisk.tif', 'OUTPUT' : '/home/zhukov/
|/ProblemSets/PS08/
M Output/tracts 4.geojson', 'RASTER BAND' : 1,
. tracts 3 'STATISTICS' : [2] }
0-0
vi[]o-0.64
v [Joea-2512
5.12-65.16
I [l 65.16 - 100
[ redlined
, nola1939
, tracts_2

CensusTracts200
ftood_depth

23% Cancel
< D @Help Advanced - Qclose

ch Feature of
ping palygon veckor eyer.

bership)
bership)
ership)
hbership)
bership)

Istack

tack

report
s

@
®

Yuri M. Zhukov




Raster reclassification

When the tracts_4 layer finally loads, you can change the symbology and explore
the distribution of the highrisk_mean variable
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Raster reclassification

The final ingredient we will need is the 311 call data. Load the delimited text file
calls311_water_2012_2018.csv from the Data/Call311/ folder. Set the
Geometry Definition to Point coordinates (as shown here), and check the
box next to v/ Use spatial index in Layer Settings. Click Add
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QGIS
Raster reclassification

Note that the 311 calls are available only for New Orleans, not St. Bernard Parish
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Raster reclassification

Open the Attribute Table for the calls311_x layer, and look at the issue_type
field. There are three types here: “Catch Basin Maintenance”, “Mosquito Control”,
and “Street Flooding/Drainage”. Let's create point counts for each of these
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3 101000850... Catch Basin Maintenance 08/28/201... | NUI Open |Is therest... 634 Esplan... FRENCHQ... C NEW ORLE... LA
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Raster reclassification

Go to Edit menu — Select — Select Features by Expression...
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Raster reclassification

For Expression, enter issue_type = 'Street Flooding/Drainage' (with
single quotation marks). Click Select Features
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Raster reclassification

With the points selected, open the Count Points in Polygon tool in Vector —
Analysis Tools
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Raster reclassification

Select tracts_4 as the Polygons layer and calls311_x as the Points layer. Make
sure the box next to v’ Selected features only is checked. Name the count
field calls311_streetflood and save the output to a new file called
tracts_b5.geojson. Click Run
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Repeat this process for the other two categories of calls, starting with “Catch Basin

Maintenance”

*labo:

Raster reclassification
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o
By
= §
9472 features si Coordinate| 788202,3332151 | ¥ Scale|1:248330 |~ | @@ Magnifier| 100% 2| Rotation [0.0° </ v/ Render @ EPSG26915 @
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QGIS
Raster reclassification

To save a bit of time, you can call up the most recently-used geoprocessing options
by going to Processing menu — History...

*labog — QGIS

Raster Database Web Mesh [JEIECIE] Help

Project View Layer Settings Plugins
0 H R NI ® ye) Toolbox Crl+Alt+T =
#» Model Designer... Ctrl+Alt+G
BeV.ARBED 4./ e — L B

Results Viewer Ctrl+Alt+R

Edit Features In-Place

Layers EE]

“ % T T »
v @ calls311_water_:
v [ tracts 5

~ V(7 tracts_4
v Il 0-0.0094
v [l 0.0094-0.128
vI [l 0.1286-0.291
v/ [ 0.2918-0.465
v D 04657-0.971

¥ LA
v tracts_3
vI[Jo-0

v []o-o064

vI[ 0.64-25.12
v/ [l 25.12-65.16
v/ [l 65.16 - 100
[ redtin ed

Tracts200
¥ flood_depth

Type t te (Ct Coordinate | 788136,3338064 | Scale|1:248330 | ~ | (@ Magnifier| 100% | Rotation |0.0° </ v/ Render @ EPSG26915 @
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Raster reclassification

Double-click on the Count points in polygon operation

*labog — QGIS.

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

DoBEREY O 8 S LNOR H-&-G- T
WOV ARER £/ =% N= B
9
Layers )
v @ e T 3 »
v 5 calls311_water_: Processing History
v tracts 5

= V1 tracts_4
v Il 0-0.0094

-~ [ Today
b [2024-03-07 15:38] Zonal statistics - {'...
#: [2024-03-07 15:36] Raster calculator -.

[2024-03-07 15:14] Overlap analysis - ..
[2024-03-07 14:54] Zonal statistics -

v/ [l 0.1286-0.291
v [ 0.2918-0.465
vI[]0.4657-0.971

nfhl_highrisk

vI[]o.64-25.12
v/l 25.12-65.16
v [l 65.16 - 100
[ redlined
» nola1939
» tracts_2
CensusTracts200
ftood_depth

[ @relp || clear save As... || @cClose

Type t te (Ctrl+! Coordinate | 806665,3335764 | Scale|1:248330  ~ | @@ Magnifier| 100% 2| Rotation 0.0° 2V Render @EPSG:26915 @
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Raster reclassification

This will restore the settings you just used to create tracts_4. Now we just need
to update the parameters

*labo:

Qais

Project Edit View Layer gettings Plugins Vector Raster Database Web Mesh Progessing Help

Count Points in Polygon

Vo A w iz a . - 7]
LA RVAN 1N Parameters | Log Count points in
Polygons polygon
Layers tracts_4 [EPSG:26915] orithm takes a points layer
MR polygon layer and coun
g2 e T Python identifier: ‘POLYGONS' mber of points from the

V| ® calls311_water_: Points first one in each polygons of t
v [ tracts 5 second one
~ V10 tracts_a calls311_water_2012_2018 [EPSG:4326] - =

A new polygons layer is
V! Selected features only generated, with the exact s

Weight field [optional] s the input Jou«gms

v Il 0-0.0094
v [l 0.0094-0.128
vI [l 0.1286-0.291
v/ [ 0.2918-0.465
vI[] 0.4657-0.971
¥ nfhl_highrisk
# NFHL_NOLA

t containing an additional
- || | field with the points count
corresponding to each polygon
Class field [optional] 1ding ygon,

An optional weight field can be
ed o assign \

M ﬁ““&f Count field name
v[Jo-o g
v [Jo-o64 call311_streetflood for each point contained by the
v/ 0.64-25.12 Count
v El2s2-651 I - cbicrsets/psos/outputfracts 5 geojson | .|| Alternatvely. s unique clas
v [l 65.16- 100 can be spec f
[ redlined v Open output file after running algorithm e
» nolai939 ttribute, and if several px
» tracts_2 h the
ensus 0 hin th
CensusTracts200 hom s cotntod The

» O] ¥ flood_depth of the point in a polygon s

therefore, the count of different
d

found n it
d M
eight field and unique Ge
t be specified. IF
0%
< D @Help || Advanced -|| Runas Batch Process... Qclose || Qrun | §
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Raster reclassification

Change Polygons to tracts_5, change field name to calls311_catchbasin, and
save the file as tracts_6.geojson. Click Run

*labo:

Qais

Project Edit View Layer gettings Plugins Vector Raster Database Web Mesh Progessing Help

Count Points in Polygon

BLV.ARBYE 4 Parameters | Log ' Count points in 3 B
Polygons polygon
tracts_5 [EPSG:26915] - R

Layers -J| | This algorithm takes a points layer

v @ eV

<

® calls311_water_:
[ tracts 5
~ VI tracts_a
v Il 0-0.0094
v [l 0.0094-0.128
vI [l 0.1286-0.291
v/ [ 0.2918-0.465
vI[] 0.4657-0.971
¥ nfhl_highrisk
# NFHL_NOLA

Points first one in each polygons of t
second one.

<

calls311_water_2012_2018 [EPSG:4326] -

I selected features only
Weight field [optional]

s the input polygons

t containing an additional

- || |Field with the points count
corresponding to each polygon

Class field [optional]

An optional weight field can be
ed o assign \

M ﬁ““&f Count field name
v[Jo-o - g
v [Jo-o64a cl311_catchbasin for each point contained by the
v/ 0.64-25.12 Count
v [l 25.12-65.16 N7 obemsets/psos/output TR @ | |...||  Alternatively, a unique clas:
v [l 65.16- 100 can be spec
[ redlined v Open output file after running algorithm ed base
» nola1939 ttribute, and if several p
» tracts_2 h the
CensusTracts200 hin th
h hem is counted. The

» O] ¥ flood_depth of the point in a polygon s

therefore, the count of different

found n it
d M
eight field and unique Ge
t be specified. IF
0%
< D @Help || Advanced -|| Runas Batch Process... Qclose || Qrun | §
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Raster reclassification

And one more time with issue_type = 'Mosquito Control'

*labos QGIs
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
DEERRY 2L RPPD N 4L LI
BV ARER 4. 8

Layers

2494 matching Features selected

v/ [] tracts_6

M tracts_s

- tracts_4
v Il 0-0.0094

calls311_water_2012_2018 — Select by Expression

v/ [l 0.0094-0.128 Expression | Function Editor
v/ [l 0.1286-0.291 "
vI [ 0.2918-0.465 = e e
v []o0.4657-0.971 lissue_type = 'Mosquito Control’ Feature B
, nfhl_highrisk geometry
» NFHL_NOLA id
- tracts_3 » Aggregates
» Arrays
v 0-0
s | oo
- 04 » Conditionals
vIE 064-25.12 » Conversions
v [l 25.12-65.16 . » DataPlotly
v [l 65.16 - 100 1w |w » Date and Time
[ redlined 4 p| | Fleldsandvalues
’ nola1939 + Files and Paths
X bracts 2 o » Fuzzy Matching c
CensusTracts200 S
» flood_ depth @relp Zoom to Features | | £ Select Features |~| | Close
o3
=
&
< v §
Type & te (Ctrl+ 2494 features si Coordinate| 813958,3332742 | Scale|1:248330 | ~ | (@ Magnifier| 100% 2| Rotation 0.0° 2V Render @EPSG:26915 @
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Raster reclassification

Set Polygons to tracts_6, field name to calls311_mosquito, save as tracts_7

*labo:

QGls.
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

0 R (OPe 02 Count Points in Polygon o o

BQVoAWEBY 4 Parameters | Log

Count points in

Polygons polygon
Layers ® tracts_6 [EPSG:26915] M 2 -|| |This algorithm takes a points laye!
« B e T EE anda polygon layer and coun
he number of points from the
Points first one in each polygons of the
VI [ tracts_6 5 second one.
[ tracts_s calls311_water_2012_2018 [EPSG:4326]  ~ -
. tracte 4 A new polygons layer is
v [l 0-0.0054 VI selected features only genera d‘t‘.;;\ththetexal(t same
5 - B content as the input polygons
v [l 0.0094-0.128 Weight field [optional] ayer, but containing on aditional

v/ [l 0.1286-0.291
vI [ 0.2918-0.465

eld with the points count
corresponding to each polygon

Class field [optional]
v/[]0.4657-0.971 fophons] An optional weight Field can be
» nfhi_highrisk s used to assign weights to each
» [ W NFHL_NOLA Count field name point. If set, the count generated
- tracts_3 will be the sum of the weight field
wJo-o call311_mosquito for each point contained by the
vi[Jo-064 Count polygon.
v osa-2512 I/ oblemsets/Psos/Output RERERETIET @ ] .|| | Alternatively, a unique class field

v/l 25.12-65.16

v Open output file after running algorithm

[ redlined ; 0
) nola7939 with the same attribute value are
) ncte 2 within the polygon, only one of
-2 them is counted. The final count
CensusTracts20() of the point in a polygon s
» [ ¥ ftood_depth therefore, the count of di
found in it.
Both the weight field and unique
ass Field cannot be specified. IF
0%
] 2 @Help || Advanced ~|| Runas Batch Process... Qclose || @run |
Type to locate (Ctrl+ Sepscaeots @
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Raster reclassification

Let's make some per capita measures. Open the Field Calculator for tracts_7,
create a new field with name calls311_flood_1000 of type Decimal number.
Set Expression to calls311_streetflood / POP_TOTAL * 1000

cts 7

calls311_wate|

D M tracts_6

[ eracts_s
» (162 tracts_4
» (1 #® nfhl_highrisk
» [] ¥ NFHL_NOLA
» [JGR tracts_3

(] [ redlined
» [J® nola1939
» [0 tracts_2

[ censusTracts2|
» [] & flood_depth

v Create anew field

Create virtual field

output field name (&

Output field type | 2.2 Decimal number (real)

Output field length |10 |3/ Precision |3

tracts_7 — Field Calculator

Update existing field

Expression Function Editor
2K Searc
feature =
geometry
id
fow_number
» Aggregates
» Arrays
» Color
» Conditionals
— » Conversions
=LA A L f) » DataPlotly
» Date and Time
Feature | Census Tract 1 - » Fields and Values
Preview: 34.85930281394372 g = i e
o You are editing information on this layer but the layer is currently not in edit mode. IF you click OK, edit mode will

automatically be turned on.

@Help

Ocancel || @0

Yuri M. Zhukov



Raster reclassification

Also create a new field named calls311_basin_1000 of type Decimal number.
Set Expression to calls311_catchbasin / POP_TOTAL * 1000

tracts 7 — Fleld Calculator

L= = =V Create anewfield Update existing field
Layers =
o fl® TV & Create virtual field
tracts 7 Output field name | )
callsSTI_Watd ..t field type | 1.2 Decimal number (real) =
tracts_6
Dl tracts_5 Output field length | 10 2| Precision |3 &
» [ 63 tracts_4
» [ | nfhl highrisk | | ExPression | Function Editor
» [] ® NFHL_NOLA 3
» [J @@ tracts_3 L o e Searc
I rediined teature 5
» [ 62 nola1939 geometry
» [ traces_2 id
[J[] censusTracts2| :;w_nunt\her
» d_depth » Aggregates
DI =l » Arrays
» Color
» Conditionals
» Conversions
» DataPlotly
» Dateand Time
» Fields and Values
= [~ Ny » Filesand Paths
=+ LD } Fuzzy Matching
» G l
Feature | Census Tract 1 - > | czg;’:by
Preview: 19.739605207895842 » Map Layers -
©Help Ocancel |[ @ok |
j—y—r‘< v

[ & Type to locate (ctrl+k) te| 817046,3337801 |9 scale|1:248330 |~ | @ Magnifier| 100% 2| Rotation |0.0° 2| VIRender @EPsG26915 @
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Raster reclassification

And finally, a new field with name calls311_mosquito_1000 of type Decimal
number. Set Expression to calls311_mosquito / POP_TOTAL * 1000

tracts 7 — Fleld Calculator

L= = =V Create anewfield Update existing field
Layers =
o fl® TV & Create virtual field
tracts 7 Output field name | )
callsSTI_Watd ..t field type | 1.2 Decimal number (real) =
tracts_6
Dl tracts_5 Output field length | 10 2| Precision |3 &
» [ 63 tracts_4
» [ | nfhl highrisk | | ExPression | Function Editor
» [] ® NFHL_NOLA 3
» [P tracts_3 L (oa | o Searc
I rediined teature .
» [162 nola7939 geometry
» [ traces_2 id
[J[J censusTracts2| :;w_nunt\her
» d_depth » Aggregates
il =l » Arrays
» Color
» Conditionals
» Conversions
» DataPlotly
» Dateand Time
» Fields and Values
= [~ Ny » Files and Paths
=+ LD } Fuzzy Matching
» G l
Feature | Census Tract 1 - > | czg;’:by
Preview: 4.199916001679966 » Map Layers -
@Help Ocancel || @ok |
j—y—r‘< v

[ & Type to locate (ctrl+k) te| 807387,3336290 | scale|1:248330 |~ | @ Magnifier| 100% 2| Rotation |0.0° 2| VIRender @EPsG26915 @
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Raster reclassification

Now is a good time to save your progress, to tracts_7 and to the project

*labo8 — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

DEARRY (O s Sd Lo - TE-=- G-
BQVAMBED #/B. Tk g ’ B
Q.08 R [ I g ap 9
Layers a8
4w T, &5 »

: M

Coordinate | 790896,3337341 | Scale|1:248330  ~ | (@ Magnifier | 100% | Rotation |0.0° 2| v/ Render @ EPSG26915 @
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QGIS
Raster reclassification

Problem Set 8
Your assignment (if using QGIS): create two scatterplots
1. Flood risk and Katrina flood depth
- highrisk_mean on z-axis
- flood_mean on y-axis
- name the file nfhl_katrina.png
2. Flood risk and per capita 311 calls about street flooding
- highrisk_mean on z-axis
- calls311_flood_1000 on y-axis
- name the file nfhl_311flood.png
- upload both plots to Canvas
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QGIS
Raster reclassification

scatter_nfhl_Flood png scatter_nfhl_311flood.png

Figure 14: Can you make this?
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Loading R packages

To implement these steps in R, we will be using the sf, terra and ggplot2
packages

library(sf)
library(terra)
library(ggplot2)

NOTE: The demo code for R is in ps08_demo.R on RStudio Cloud, and in
PS08.zip (posted on Canvas).
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Zonal statistics
R

Zonal statistics
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Zonal statistics
R

Let's load the census tracts data into R, using sf::read_sf():

tracts2000 <- sf::read_sf("Data/Census/CensusTracts2000.geojson")
Check the coordinate reference system of these data

sf::st_crs(tracts2000)

## $input
## [1] "NAD83 / UTM zone 15N"
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Zonal statistics
R

Load the Katrina flood depth data into R, using terra::rast():
flood_depth <- terra::rast("Data/Katrina/flood_depth.tif")
Is the coordinate reference system the same as for tracts20007
sf::st_crs(flood_depth)==sf::st_crs(tracts2000)

## [1] TRUE
Yay! That means we can move forward with zonal statistics.
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Zonal statistics
R

Calculate zonal statistics: mean and maximum flood depth in each tract

tracts2000$flood_mean <- terra::zonal(x=flood_depth,
z=terra: :vect (tracts2000), fun=mean, na.rm=TRUE) [,1]

tracts2000$flood_max <- terra::zonal(x=flood_depth,
z=terra: :vect (tracts2000), fun=max, na.rm=TRUE)[,1]
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Zonal statistics
R

Plot the results. Note that, unlike QGIS, R assigns NA values (instead of 0) to
polygons that do not overlap with the raster layer.

flood_mean
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Zonal statistics
R

Let's load the HOLC redlining data into R, using sf: :read_sf():
nolal939 <- sf::read_sf("Data/Inequality/nolal939.geojson")
Is the coordinate reference system the same as for tracts20007
sf::st_crs(nolal939)==sf::st_crs(tracts2000)

## [1] FALSE

Uh-oh! Looks like we need to reproject nol1a1939

nolal939 <- sf::st_transform(nolal939,crs=sf::st_crs(tracts2000))
sf::st_crs(nolal939)==sf::st_crs(tracts2000)

## [1] TRUE

All clear!
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Zonal statistics
R

Subset the HOLC data to just “grade D™:
redlined <- nolal939[nolal1939$grade=="D",]

plot(nolal939["grade"]) plot(redlined["grade"])
grade

> W O 0O
4,
=
L)
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Zonal statistics
R

Overlap analysis in R takes a few more steps than in QGIS.
Calculate areas of tracts2000, and of tracts2000+redlined intersections:

tracts2000$area <- sf::st_area(tracts2000)
tract2red <- sf::st_intersection(tracts2000,sf::st_union(redlined))

tract2red$area_ix <- sf::st_area(tract2red)
Aggregate percentage area overlaps by census tract, add this field to tracts2000:

redlined_pc <-stats::aggregate(list(
redlined_pc=as.numeric(tract2red$area_ix/tract2red$area)),
by=1ist (GISJOIN=tract2red$GISJOIN) ,FUN=sum,na.rm=TRUE)

tracts2000 <- merge(tracts2000,redlined_pc,by="GISJOIN",all.x=TRUE)

Replace missing values with Os:

tracts2000$redlined_pc[is.na(tracts2000$redlined_pc)] <- 0
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Zonal statistics
R

Inspect the results.

plot(tracts2000["redlined_pc"])
redlined_pc

0.6

0.2
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Zonal statistics
R

Make a scatterplot of flooding depth at different levels of redlining:

plot(x=tracts2000$redlined_pc,y=tracts2000$flood_mean)
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Zonal statistics
R

Make a scatterplot using ggplot2, with fitted LOESS curve:
ggplot2: :ggplot (tracts2000, ggplot2::aes(x=redlined_pc,y=flood_mean))+

ggplot2: :geom_point ()+
ggplot2: :geom_smooth()
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Zonal statistics
R

Make a boxplot of flooding depth with vs. without redlining:

tracts2000$redlined_any <- 1x(tracts2000$redlined_pc>0)
graphics: :boxplot (flood_mean~redlined_any,data=tracts2000)
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Zonal statistics
R

Make a scatterplot of race and redlining:

tracts2000$PCT_BLACK <- tracts2000$RACE_BLACK/tracts2000$POP_TOTAL*100
plot(x=tracts2000$PCT_BLACK,y=tracts2000$flood_mean)
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R Raster reclassification

Raster reclassification
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R Raster reclassification

Load the NFHL data into R, and check CRS compatibility:

NFHL_NOLA <- terra::rast("Data/FEMA/NFHL _NOLA.tif")
sf::st_crs(NFHL_NOLA)==sf::st_crs(tracts2000)

Plot the raster:
terra: :plot (NFHL_NOLA)
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R Raster reclassification

Reclassify the NFHL raster to include just zone “AE" (0, high risk):

nfhl_highrisk <- 1*(NFHL_NOLA==0)
terra: :plot(nfhl_highrisk)
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R Raster reclassification

Calculate zonal statistics: proportion of each tract at high flood risk

tracts2000$highrisk_mean <- terra::zonal(x=nfhl_highrisk,
z=terra: :vect (tracts2000), fun=mean,na.rm=TRUE)[,1]

This may take a minute or two to run. ..
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R Raster reclassification

Inspect the results.

plot(tracts2000["highrisk_mean"])
highrisk_mean
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0.2
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R Raster reclassification

Load the 311 data into R, and convert to spatial points:

calls311 <- read.csv("Data/Call311/calls311 water 2012 2018.csv")
calls311 <- sf::st_as_sf(calls311,coords=c("longitude","latitude"),

crs=4326)
Reproject the 311 data to same CRS as tracts2000:
calls311 <- sf::st_transform(calls31l,sf::st_crs(tracts2000))
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R Raster reclassification

Point-in-polygon analysis: 311 calls per 1000 residents, by type

tracts2000$calls311_flood_1000 <- lengths(sf::st_intersects(
tracts2000,calls311[calls311$issue_type=="Street Flooding/Drainage",]
) /tracts2000$P0OP_TOTAL*1000

tracts2000$calls311_basin_1000 <- lengths(sf::st_intersects(
tracts2000,calls311[calls311$issue_type=="Catch Basin Maintenance",])
) /tracts2000$P0OP_TOTAL#*1000

tracts2000$calls311_mosquito_1000 <- lengths(sf::st_intersects(
tracts2000,calls311[calls311$issue_type=="Mosquito Control",])
) /tracts2000$POP_TOTAL*1000
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R Raster reclassification

Inspect the results.

plot (tracts2000["calls311_flood_1000"1)
calls311 flood 1000
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~
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R Raster reclassification

Problem Set 8
Your assignment (if using R): create two scatterplots
1. Flood risk and Katrina flood depth
- highrisk_mean on z-axis
- flood_mean on y-axis
- no legend
- axes and plot title properly labeled as on next slide
name the file nfhl_katrina_R.png
2. FIood risk and per capita 311 calls about street flooding
- highrisk_mean on z-axis
- calls311_flood_1000 on y-axis
- no legend
- axes and plot title properly labeled as on next slide
- name the file nfhl_311flood_R.png
- use either R base plots or ggplot2
- upload both plots to Canvas
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nfhl_katrina_tpng

R Raster reclassification

nfhl_311Flood_rpng
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Figure 16: Can you make this?
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Figure 17: And this?




	QGIS
	Zonal statistics
	Raster reclassification

	R
	Zonal statistics
	Raster reclassification


